).
Modern germ theory rejects the historical surgeon's reliance on "laudable pus" as an indication of healing from surgical injury. The prevention of surgical site infection (SSI) is increasing in clinical and economic relevance. Mechanisms to predict and prevent SSI pervade the literature, yet the economic impact of SSI and implementation of prevention programs have been incompletely described. Colorectal surgeons are leading the movement to improve rates of SSI and their work is of interest to other surgeons, patients, hospitals, and payer groups. This article will discuss current evidence and practice surrounding clinical implications of superficial SSI, the economic impact of these infections, and strategies for mitigating this complication through effective implementation of standardized care bundles.
SSI has always been of interest to surgeons and patients, and the development of quality improvement metrics and reporting has allowed scientific investigation to occur at a national scale. Risk factors associated with SSI include patient comorbidities, intraoperative factors, and postoperative wound management. Poor outcomes associated with SSI include increased morbidity, length of hospital stay, readmission, and mortality. Patients undergoing colorectal surgery are disproportionately affected by SSI 1 with rates of up to 25%, and up to 55% of these infections have been deemed preventable. 2, 3 The importance of prevention of SSI is underscored with the incorporation into national guidelines and financial penalties. In addition to the association with poor clinical outcomes, high SSI rates are associated with negative economic consequences. 3 A longer hospital stay represents a direct cost to the hospital system and the payer, but also has patient and societal economic implications from cost of supplies and nursing care, to extended loss of work/productivity. In light of this, financial incentives and penalties are associated with SSI outlier status through Centers for Medicare and Medicaid Services (CMS). Bundled SSI prevention practices are well characterized in the literature, [4] [5] [6] with the aggregate effect of the bundle exceeding the isolated impact of each component. While conceptually well accepted among colorectal surgeons, cost, variability in bundle components, and barriers to implementation have stunted widespread adoption. Despite current bundles being developed and incorporated in academic institutional silos, increasing data regarding efficacy and cost-effectiveness will likely promote uptake within all hospital types.
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Abstract
Surgical site infection (SSI) following colorectal surgery is associated with worse postoperative outcomes, longer length of stay, and higher rates of readmission. SSI rates have been established as a surrogate metric for the overall quality of surgical care and are intricately tied to financial incentives and the public reputation of an institution. While risk factors and prevention mechanisms for SSI are well established, the rates of SSI remain high. This article discusses the clinical and economic impact of SSI and strategies for mitigating the risk of SSI through bundled prevention practices. Transforming Health Care reported a 32% reduction in SSI, and a savings of $3.7 million following implementation of their guidelines emphasizing the benefit of attention to prevention of SSI.
17,18
Concerns regarding the validity of each program for monitoring SSI have been outlined. Specific concerns regarding NHSN and Agency for Healthcare Research and Quality (AHRQ) measures include the use of unadjusted rates and exclusive inclusion of inpatient infections. These concerns are relevant in that complex subspecialty practices may have higher rates of SSI than general elective community practices, 19 and that the inpatient assessment dramatically underrepresents SSI, up to half of which are diagnosed in the outpatient setting. 
40,54
Quality-based reimbursements and penalties are associated with rates of SSI, specifically those deemed to be HAIs Surgical Site Infection Turner, Migaly 159
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by the CMS. 55 CMS assigns financial penalties of up to 6% of reimbursement for institutions not meeting the compliance metrics outlined in best practice guidelines (►Fig. 3).
56,57
Additionally, CMS has reduced reimbursements to institutions that fall below 25% in their quality measure score, calculated using rates of central line-associated bloodstream infection, catheter-associated urinary tract infection, SSI (colon surgery and abdominal hysterectomy), methicillinresistant Staphylococcus aureus bacteremia, and Clostridium difficile infection. 57 Prior CMS reimbursement penalties have been effective in reducing poor outcomes in hospitalized patients. HAIs were reduced by 10% following changes to reimbursement. 58 However, other hospital-acquired conditions such as pressure ulcers and falls did not have associated decreases following reimbursement changes. 58 While enthusiasm for medical cost containment drives the development of policies such as those outlined earlier, prior analysis of CMS reimbursement withholdings in the settings of complications has shown only modest national cost savings.
58,59
Alternate strategies to pay-for-performance such as pay-forparticipation may ultimately lead to novel improvements in surgical quality. 60, 61 However, the evidence toward improved quality in conjunction with modest financial improvements will likely garner enough support to maintain the pay-for-performance guidelines.
Prevention Bundles
Robust literature exists to support bundled SSI prevention practices as a mechanism to improve SSI rates. While bundled practices are becoming conceptually accepted among colorectal surgeons, substantial perceived barriers to implementation remain. 62 Previous studies stress the formation of multidisciplinary teams as a key component in establishing process improvement.
24,63,64
Additionally, iterative changes performed in the multidisciplinary setting have improved guideline adherence, decreased the SSI rate, and decreased emergence of resistant organisms.
24,64
In 2007, Hedrick et al described success in the implementation of a multifactorial colorectal wound management protocol at a single institution. 5 In their study, a 39% reduction in SSI followed implementation of their bundle, which included features of appropriate antibiotic administration and timely discontinuation, normothermia, and perioperative glucose management. Improvements in compliance in three of the components were observed. Additionally, the success observed in colorectal SSI bundle implementation also led to improvements of SSI rates in other intra-abdominal operative cohorts at their institution. Following early successes, Bull et al described similar bundle implementation at a single institution in Australia. Their protocol included implementing protocols for intraoperative normothermia, fraction of inspired oxygen delivery goals intraoperatively, systolic blood pressure goals, glycemic control, and appropriate antibiotic prophylaxis (►Fig. 4). 4 Overall, they saw low compliance with each specific measure; however, they saw a measurable improvement in the SSI rate. Their institution identified barriers to the implementation of staff education and turnover, and resource utilization which were partially overcome by the engagement of a project champion who, over time, improved the institutional adherence to the protocol. In 2014, Keenan et al described a large single institution SSI prevention bundle implementation project with preoperative, intraoperative, and postoperative protocol described later (►Fig. 5).
6 Their study demonstrated marked improvements on univariate analysis in superficial wound infection (24.9 vs. 5.6%, p < 0.001), sepsis (10.4 vs. 2.3%, p < 0.001), and length of stay (6 vs. 5 days, p < 0.001). Additionally, they established the 35% higher variable direct costs associated with SSI occurrence. Their SSI prevention bundle components preoperatively included a chlorhexidine shower, a mechanical bowel preparation with oral antibiotics, ertapenem as the parenteral antibiotics of choice 1 hour prior to incision, and field preparation with chlorhexidine alcohol. Intraoperatively, it featured the use of a fascial wound protector, a gown and glove change prior to fascial closure, a dedicated wound closure tray, and limited operating room traffic to key personnel. As in prior protocols, intraoperative and postoperative time periods, euglycemia, and normothermia were maintained. Postoperatively, the key features of the bundle include removal of the sterile dressing within 48 hours and daily washing of the incision with chlorhexidine. Across all phases of care, education regarding SSI prevention was reinforced to patients, families, and care providers. Most recently, in 2017, Vu et al presented their encouraging regional data from the Michigan Collaborative. They demonstrated multi-institutional improvements in postoperative outcomes through the increased uptake of three features of their recommended SSI prevention bundle. 65 The
Michigan Surgical Quality Collaborative provided funding to participating institutions to implement their bundle in an autonomous fashion with focus on preoperative parenteral antibiotics, mechanical bowel preparation with enteral antibiotics, and normoglycemia from 2012 to 2016. Over the study period, they increased adherence to the components of the bundle, and decreased their SSI rate from 6.7 to 3.9% (p < 0.05) (►Figs. 6 and 7). 65 Their experience provides evidence for success of regional implementation with significant improvement in SSI, where prior studies were intuition specific. A single institution utilized their 30-day NSQIP data to compare SSI in colorectal surgical patients, following implementation of an enhanced recovery pathway and a SSI prevention bundle. 40 The authors found a reduction in infection rates and a reduction in overall cost for colorectal surgical admissions. Following implementation of an enhanced recovery pathway, they saw a reduction in length of stay, which frequently is used as a cost surrogate. 40 This study expands on the previous efficacy study of bundled SSI prevention and enhanced recovery pathways. 5, 6, 66 Their experience demonstrates feasible, cost-effective improvements in SSI rates with successful implementation of comprehensive perioperative pathways (►Fig. 8). Surgical Site Infection Turner, Migaly 161
Conclusion
SSI remains a critical metric for quality of colorectal surgical care. SSI rates are inextricably related to patient and institution, clinical and financial outcomes, and prevention is of paramount importance. Refining clinical predictors associated with SSI will allow for appropriate counseling of patients and improved risk adjustment in reporting SSI rates. Granular cost data are important in developing national and institutional budgets and appropriate reimbursements and penalties. Bundled SSI prevention practices in aggregate are promising in reducing SSI rates to below what can be achieved through isolated guidelines alone, and while individual institutions have shown promise in both clinical and financial outcomes, widespread implementation remains elusive. Further research in implementation sciences and the development of policy to maximize prevention strategies will be required to best serve the patients of the future. Surgical Site Infection Turner, Migaly 162
